Background: Low health literacy often has an association with poor health outcomes such as low levels of self-efficacy, increased mortality, poor health status and reduced quality of life (QOL). The aim of the study was to quantitatively evaluate the relationship between health literacy (HL) and QOL based on a systematic review and meta-analysis. Methods: EMBASE, PubMed, Web of Science, Elsevier, Cochrane Library, and Chinese electronic databases such as CNKI, and Wanfang were searched from 1970 until February 1, 2018. The pooled correlation coefficient (PCOR) and its 95% confidence interval (CI) between HL and QOL were estimated using R software. Potential sources of heterogeneity were explored using subgroup analysis, sensitivity analysis, and meta-regression.
Background
Quality of life (QOL) refers to how individuals subjectively assess their own well-being and their ability to perform physical, psychological, and social functions [1] . As an indicator of health and living standards, the concept and connotations of QOL were defined in multiple ways because of different research objectives and purpose, QOL is a multidimensional concept that can fully reflect person's overall health situation by measuring four dimensions: physical health, physiological health, social health, and mental health. Nowadays, QOL is viewed as a significant outcome of health care and has been increasingly used as a comprehensive health indicator in medical interventions and population health surveys [2] . QOL is mainly used in evaluation of health status and health resources and used as an aspect of influencing factors and health intervention measures, which have higher stability and sensitivity [3] .
Health literacy (HL) is linked to literacy and entails people's knowledge, motivation and competence to access, understand, appraise, and apply health information to make judgments and take decisions in everyday life concerning healthcare, disease prevention and health promotion to maintain or improve QOL during the course of life [4] .
At present, the United States, Canada, Australia, and China have all conducted national HL surveys and Europe participated in a comparative European health literacy survey. The survey in Europe showed that there was lack of HL about 47.6% of the study population [5] . In Canada the figure was about 60% [6] and in Australia it was 21% [7] , while only 12% in the United States [8] , and 9.48% in China had good HL [9] . HL is becoming an important determinant of life expectancy and might also affect QOL.
Many studies [10] [11] [12] [13] [14] [15] have investigated the relationship between HL and QOL, but the results seemed inconsistent. Some studies showed that QOL had a positive association with HL, while other studies showed that QOL had a negative association with HL [10, 16] . In China, HL was divided into four dimensions and each was compared QOL: health knowledge, health belief, health behavior and health skill [17] [18] [19] . Similarly, the surveys of HL abroad were divided into different levels; QOL differed depending on how high or low the levels of HL were [20] [21] [22] . The differences in these results, the survey dimensions of HL and QOL, and the differences in the questionnaires potentially lead to be inconsistent conclusions. Therefore, the aim of this study was to provide a complete overview of the literature regarding the direct impact of HL on QOL, and to discuss the correlation between HL and two dimensions of QOL and the correlation between QOL and four dimensions of HL based on a systematic review and meta-analysis.
Methods
This systematic review followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [23] (Additional file 1: Table S1 ).
We searched English and Chinese language publications on EMBASE, PubMed, Web of Science, Elsevier, Cochrane Library, and Chinese databases such as CNKI and Wanfang from 1970 to February 1, 2018. Studies were searched using logical terms, and search strategy is as follows: "#1 health literacy," "#2 literacy," "#3 numeracy"; "#5 quality of life," "#6 life quality," "#7 health-related quality of life," "#8 QOL," "#9 HRQOL," "#10 life style." # 4 is "#1 OR #2 OR #3", # 11 is "#5 OR #6 OR #7 OR #8 OR #9 OR #10", and # 12 is "#4 AND #11" finally. Medical subject headings (MeSH) and wild-card options were used where appropriate. Meanwhile, the bibliographies of original studies and reviews were manually searched.
Studies that met the following criteria were included: [1] the study subjects were human, [2] the levels of HL and QOL were conducted and compared as the key objective, [3] the outcome was the correlation coefficient between HL and QOL, and [4] original articles published in English or Chinese (no posters abstracts, letters to the editor etc.).
Studies were excluded for the following reasons: [1] case reports or review articles, [2] QOL or HL was not measured or was not a part of a validated questionnaire, [3] articles were not published in peer-reviewed journals, and [4] there was no the correlation coefficient between HL and QOL. For studies that had been repeated, only the most recent and detailed studies were included in the analysis.
In some studies, there were only QOL scores at different levels of HL without the correlation coefficient between HL and QOL, and there were also some studies with the correlation coefficient compared with the reference materials. These controversial articles are excluded from meta-analysis through discussion.
Two authors independently extracted the following data from the selected studies: the first author, year of publication, design, survey time, location, study population, QOL instrument, and HL instrument. The quality of each of the included studies was independently assessed by two investigators using the Newcastle-Ottawa Scale (NOS) [24] or Agency for Healthcare Research and Quality (AHRQ) [25] . The quality of cross-sectional studies was assessed using AHRQ, and cohort studies were assessed using NOS. The NOS scale has 8 items, and the highest possible total score is 9. The quality of the study is indicated by the scores: 0-5 indicates low quality, 6-7 indicates medium quality, and 8-9 indicates high quality [26] . The AHRQ scale has 11 items, all of which are rated as "yes" (1 point), "no" or "unclear" (0 point), and the highest possible total score is 11. The quality of the study is indicated by the scores: 0-3 indicates low quality, 4-7 indicates medium quality, and 8-11 indicates high quality [27] .
Statistical analysis
Different results indicated effects of different sizes regarding the relationship between HL and QOL. Summary statistics were then calculated. Most meta-analysis did not directly use the values of each correlation coefficients when combined correlation coefficients, because the variance of each correlation coefficient was too dependent on the correlation. Thus, we needed to convert various data into correlation coefficient uniformly, for which meta-analysis was performed. The method we used was to carry out the correlation coefficient (r value) of each study by Fisher's Z transformation, calculate the standard error, and calculate the summary Fisher's Z value using the inverse variance. Then a formula was used to transform the Z value into an r value [28] .
To calculate the summary or pooled r, and 95% CI, the hypothesis test was used to judge whether the correlation was statistically significant. Lastly, a forest plot was used to indicate the effect size. Publication bias was assessed by funnel plots and the Egger's test.
R software (R × 64 3.4.1) was used for meta-analysis. Firstly, it estimated heterogeneity between studies using Q and I 2 statistics. According to the Q-statistic, if the p < 0.05 and I 2 < 50%, it indicated heterogeneity in the risk factors between studies, and the random effect model was used for the meta-analysis. Otherwise, the fixed effect model was used.
In addition, subgroup analysis, sensitivity analysis and meta-regression analysis were conducted through R software. A sensitivity analysis was performed to ensure the stability of the results. Meta-regression analyses were conducted to assess heterogeneity; it can also be used to analyze the differences of categorical explanatory variables introduced in subgroup analysis. The dependent variable of meta-regression is the correlation coefficient between HL and QOL, and the research sample, research type, research population, area, time, research quality and questionnaire type are independent variables. The regression coefficient estimates how the intervention effects of each subgroup differ from the specified reference subgroup. The p value < 0.05 of each regression coefficient was considered as statistically significant.
Results

Characteristics of eligible studies on the relation between HL and QOL
Based on their titles and abstracts, 3274 articles met our criteria. After careful review, 23 studies [11-13, 16-20, 29-43] fulfilled our selection criteria for meta-analysis. The flow chart of this selection procedure is shown in Fig. 1 .
The included studies were published between 2005 and February 2018. The detailed information for review is described in Table 1 . The design types of these studies included cohort studies and cross-sectional studies. A total of 13 studies were conducted between 1995 and 2015, but 10 studies had no survey time attributed to them. The study subjects were mainly college students, community residents and patients. They were mostly adults, and the majority of them were women. The instruments of measuring QOL were mainly the EuroQol-5 Dimension (EQ-5D) [44] , the 12 item short form health questionnaire survey (SF-12), the 36 item short form health questionnaire survey (SF-36) [45] and other self-developed questionnaires, while the instruments of HL were mainly the Test of Functional Health literacy in Adults (TOFHLA) [46] , the Rapid Estimate of Adult Literacy in Medicine (REALM) [47] , the Newcastle-Ottawa Scale (NVS) [48] , and self-developed questionnaires. The details are shown in Table 1 .
Methodological quality
NOS was used to score 4 of the cohort studies, and 19 of the cross-sectional studies were scored using the AHRQ. Of the studies scored by NOS, the minimum score was 7, the maximum score was 9, and the average score was 8.5. Of the studies scored by AHRQ, the minimum score was 5, the maximum score was 9, and the average was 6.89 (Table 1) .
The correlation between HL and QOL
General correlation
A total of 19 studies were included in the analysis of the correlation between HL and QOL, and the total sample size was 12,303. In the heterogeneity test: the correlation between HL and QOL (I 2 = 97%, p < 0.001) showed that there was heterogeneity. The correlation coefficient between QOL and HL was 0. 35 (95% CI: 0.25-0.44) (Fig. 2) .
The correlation between HL and two dimensions of QOL
The QOL included physical and mental scores. A total of 8 studies were included in the analysis of the correlation between HL and physical QOL, and the total sample size was 5777. In the heterogeneity test, the correlation between HL and physical QOL (I 2 = 94%, p<0.001) showed that there was heterogeneity, using a random effect model to combine effect quantity. The correlation coefficient between physical QOL and HL was 0. 20 (95% CI: 0.08-0.31) (Fig. 2) .
In addition, a total of 7 studies were included in the analysis of the correlation between HL and mental QOL, and the total sample size was 5602. In the heterogeneity test, the correlation between HL and mental QOL (I 2 = 95%, p<0.001) showed that there was heterogeneity, using a random effect model to combine effect quantity. The correlation coefficient between mental QOL and HL was 0. 18 (95% CI: 0.08-0.31).
The correlation between QOL and four dimensions of HL HL incorporates health knowledge, health behavior, health belief and health skill. A total of 3 studies were included in the analysis of the correlation between QOL and four dimensions of HL, and the total sample size was 3256. In the heterogeneity test, the correlation between health knowledge of HL and QOL (I 2 = 99%, p<0.001) showed that there was heterogeneity. The correlation coefficient between QOL and health knowledge was 0.36 (95% CI: 0.04-0.61). In the heterogeneity test, the correlation between health behavior of HL and QOL (I 2 = 97%, P<0.001) showed that there was heterogeneity, using a random effect model to combine effect quantity. The correlation coefficient between QOL and health behavior was 0.36 (95% CI: 0.13-0.55). In the heterogeneity test, the correlation between health belief of HL and QOL (I 2 = 98%, p<0.001) showed that there was heterogeneity. The correlation coefficient between QOL and health belief was 0.39 (95% CI: 0.10-0.62). In the heterogeneity test, the correlation between health skill of HL and QOL (I 2 = 99%, p<0.001) showed that there was heterogeneity. The correlation coefficient between QOL and health skill was 0.42 (95% CI: 0.03-0.69).
Subgroup analysis
The subgroup analysis included population, time, study design, area, study quality and the kinds of HL instruments and QOL instruments used (Table 2) . Noticeably, the correlation coefficient between HL and QOL was 0.46 (95%CI: 0.13, 0.69) among community residents, 0.45 (95%CI: 0.27, 0.61) in China, and 0.45 (95%CI: 0.24, 0.62) based on cohort study design. The correlation coefficient between HL and QOL on TOFHLA was higher than REALM.
Publication bias
Funnel plot asymmetry was observed in the studies of correlation between HL and QOL (Fig. 3) . Egger's test (t = 1.197, p = 0.248) indicated that there was no obvious publication bias (Fig. 4) .
Sensitivity and meta-regression analysis
Sensitivity analyses were used to evaluate the effect of each study on the pooled results by sequentially excluding single studies. It was found that the results had no significant change after excluding each study (Additional file 2: Table S2 ). Meta-regression analysis was used to detect heterogeneity (Table 3 ). The results showed that cohort study design, studies conducted in China and publication before 2012 may be important influencing factors.
Discussion
With the development of medical technology and the increase of life expectancy, people pay more attention to their QOL. Health managers and researchers are more concerned about whether improvements in health literacy increase people's QOL. Song, S. [38] showed HL was not positively correlated with QOL, and the correlation coefficient between HL and QOL was only 0.07. However, Liu, L [19] showed that the correlation coefficient between HL and QOL among patients with coronary heart disease was 0.665. This study showed the HL had a moderate positive correlation with QOL (r = 0.35, p < 0.05) through meta-analysis, which is helpful for further research. It suggested that people with low HL may pay low attention to their health status and therefore they had unhealthy behavior habits that caused a decline of QOL [49] . This study also analyzes the interaction relations between dimensions of HL and dimensions of QOL. The correlation between HL and the two dimensions of QOL was lower than the total correlation coefficient of overall HL and QOL. The correlation between QOL and the four dimensions of HL was higher than the total correlation coefficient of overall HL and QOL, among which the correlation between health skills and QOL was highest. Health skill refers to the ability of individuals to transform health knowledge into healthy behaviors. It plays an intermediary role between health knowledge and health behavior. Good health skills improve health status and QOL. Mental health conditions closely related to the quality of the individual's life will also improve health skills. Some studies divided the QOL into two dimensions [29, 34, 36] , while other studies divided it into more than two dimensions [20, 50] . However, after HL and QOL were divided into different dimensions, fewer studies were included as they may not be general and reliable correlation coefficients.
In subgroup analysis, population, time, study design, study quality, area, and the type of HL instruments and QOL instruments were analyzed. Among the population subgroup, the college students' correlation coefficient between HL and QOL was lower, it may be that the overall health literacy of college students is similar, but the difference in quality of life scores is more related to the psychological status of students such as anxiety and depression. In addition, the patients' correlation coefficient was higher than that of the healthy population, indicating that patients who had higher health knowledge had relatively low requirements for QOL. In terms of study design, the cohort study's correlation coefficient between HL and QOL was higher than cross-sectional study's correlation due to the study design. In terms of region, the correlation coefficient of studies conducted in China was the highest, followed by American region and other regions of Asia. The reason may be that the sample size of China was 6083: higher than the United States (3452) and other parts of Asia (1142). For the instruments, TOFHLA for the HL questionnaire and the short form questionnaire for the QOL questionnaire were better than others. Similar to the result of subgroup analysis, meta-regression analysis also showed that cohort study design, studies conducted in China, and publication before 2012 may be important influencing factors. This study has some limitations. The first limitation is in the study design used. Mainly cross-sectional studies were included, which collected HL and QOL at the same time and never reflected on the long-term impact of lower HL on QOL. This is why the cohort study's correlation coefficient between HL and QOL was higher than cross-sectional study's correlation, and the insufficiency is that there are fewer studies included in the cohort study. The second limitation is with regard to the quality of the data collected. The data of studies included β and r and rank correlation r. Some studies [21, 31, 50, 51] showed that compared poor and medium HL with high HL showed that β was not the general value between HL and QOL. As a result, this part of the value was not included in the meta-analysis. The third limitation is with regard to the questionnaire used. The questionnaires for HL and QOL were not unified, which increased the heterogeneity of the meta-analysis and the subsequent possibility of bias in the results. Therefore, studies with larger sample sizes and better data quality are needed to further confirm the finding. In addition, the heterogeneity of the subjects, the different ages and health conditions are influencing factors on the results.
Conclusion
In summary, HL was moderately correlated with QOL, and the correlation coefficient between QOL and health knowledge, health behavior, health belief, and health skill were statistically significant. However, these findings need to be supported by more evidence.
Additional files
Additional file 1: 
